as the result of aeroplane crashes, has become very important, not only to the Royal Air Force, but to the medical profession generally, now that civilian flying is increasing.
It is not the obvious injuries with which we are chiefly concerned, but those in which the signs and symptoms are not obvious-cases in which the body of a vertebra is fractured with no immediate or grave involvement of the spinal cord or spinal nerves, and therefore in which there is little indication of such a fracture. Attention has been called to this type of injury by "missed cases"; here, weeks or even months later, we find a spinal curvature or a definite neuritis with involvement of the spinal nerves, and a slkiagram taken at this later date makes the injury fairly obvious. We have followed up cases, and when the history has shown an aeroplane accident, not always serious, and the medical officer has recorded bruising or straining of the muscles of the back, the patient may have been rested in bed for a few days, with massage treatment, and then gone back to duty. Weeks later he seeks medical advice because he has shooting pains or cannot straighten his back properly. A skiagram and further opinions are now necessary; these disclose an undoubted fracture and the damage is beyond rectification except bv extreme measures.
To understand fractures of this type, we must divide them into " upper ' and "lower," i.e., those of the upper, flexible part of the spine, and those of the lower, more rigid, region.
Fractures of the Upper Region.-These are caused by the spine being forcibly bent upon itself, the head being forced forward upon the curved upper spine; the position about the second or third dorsal vertebra probably receives the maximum compression. At one time we thought the fact that the pilot was secured by a belt or harness contributed to this by fixation at the waist, but these belts are loose enough to allow freedom of movement and are simply to keep the man in the aeroplane.
Fractures of the Lower Region.-These are caused by the weight of the head and chest supported on the lumbar spine, the impact being reinforced by the rebound transmitted through the lower limbs. It is not difficult to realize that with the legs braced against the rudder bar, in apprehension, the anatomical provisions for dispersing shocks are eliminatea, and the whole force is concentrated on the lumbar spine which has therefore both these impulses to withstand, the resulting compression being borne almost entirely by the bodies of the vertebra-.
We are concerned with a compression fracture involving the vertebral body only. There is crushing of the cancellous tissue, and apparently, the blow having been struck, the spinal column springs back. What are the signs of such an injury? The patient complains merely of stiffness and pain in the back; examination shows no displacement in the lines of the spine, the spinous processes show no irregularity, and presumably, there being no spinal cord injury, reflexes are normal. The medical officer diagnoses strain of the muscles of the back and treats accordingly. He possibly does not consider X-ray examination necessary. It is only when rarefaction of the bone has set in and the weight on the fractured vertebra has caused it to sink under pressure that the injury is disclosed.
If the spine is radiographed in all such cases, will the skiagram at this early period show anything definite ? There is no appreciable displacement, the crushed vertebra has come back into position near to its normal outline, and, although the bony outline may be a little suspicious, we are still in doubt. The only things on which the medical officer can rely are:
(1) History of the Accident.-This he should always obtain, e.g., the angle and probable speed at which the aircraft struck the ground. We can assume that if the propeller and leading edges of the aeroplane are much damaged, the impact was enough to damage the spinal column.
(2) Pain.-This is important; in the old days a diagnosis of a fractured rib often rested on the persistence of pain, but in spinal cases pain alone is not a sure guide.
(3) Skiagrams.-These can give little help when there is no marked displacement.
Many patients who have been involved in flying accidents have subsequently suffered for varying periods with definite pain in the lumbar region, with maximum tenderness definitely located over one or other of the lumbar vertebrm; yet X-ray examinations have revealed no signs of a bony lesion.
All these patients have subsequently recovered without residual symptoms, and it is suggested that in these cases the lumbar vertebrme suffered from the effects of compression without fracture, but were severely bruised.
Possibly severe compression may cause some lesion of the bone-with or without definite fracture-which results in subsequent absorption of bony tissue. Are there any means of detecting this, and can any treatment ward off the danger ?-such for instance as calcium, vitamins or endocrine therapy, on the analogy of osteomalacia, rickets, etc.
But. from the skiagram, which after all is not always infallible in diagnosis of spinal injuries, there appears to be no guiding factor as to whether the lesion is minor or major; indeed, it would seem that X-ray examination is more oftern of use after some lapse of time, when an old fracture may be revealed which at the time of the injury was not apparent.
If this is so, the right policy would be that a patient complaining of pain in the back after a serious accident should invariably be treated as a potential case of fracture; but to lay this down as a hard-and-fast rule would involve unnecessary loss of a considerable number of " man-hours'" purely as a matter of safeguard.
It is important to remember that in aeroplane accidents, although the lower limbs or head may have obviously suffered, the spinal column has undergone a great strain and may not have escaped injury.
Sir Percy Sargent: Since the War the cases I have seen of spinal injury have been mostly due either to colliery accidents or to hunting accidents. In the former class the injury is usually caused by the fall of a mass of coal or stone upon the back whilst the man is stooping; in the hunting accidents the mechanism of the damage is not always so clear, but it is probable that hyperflexion of the spine often plays the chief part.
When, in any case, the force is extreme, the common fracture-dislocation" results, usually with gross injury to the spinal cord or cauda equina. These structures may, of course, be seriously damaged with no apparent bone injury, alsowithout any obvious symptoms at the time-the foundations may be laid for late traumatic lesions of the cord and nerve-roots.
Of the gross injuries with paraplegia I do not propose to speak, but will limit myself to cases in which no conspicuous damage is done, but from which the patients may suffer considerable disability later. Diagnosis and prognosis are notoriously difficult in such cases, and it is wise to impose upon these patients a probationary period, not necessarily of rest, and certainly not of rest alone, but also of observation and treatment. A systematic neurological examination should be made, and the result recorded; equally necessary is a good radiographic examination, lateral as well as antero-posterior skiagrams being taken. Slight bony injuries are difficult to recognize radiographically, and in themselves are probably of no great importance.
It is, I think, the concomitant injuries of ligaments and muscles upon whi6h stress should be laid, not only on account of the persistent local and referred pains which are apt to follow, but also on account of the possible onset of bony deformity at a later date. It is quite certain that a spine which appears normal radiographically immediately after the accident, may, months afterwards, show atrophy and collapse of one or more vertebral bodies similar in appearance to that of a typical " crush" fracture. The name " Kimmell's disease" has unhappily been applied to this condition, and the equally unfortunate term "post-traumatic spondylitis" has also been employed. Both names are objectionable --because they imply disease or inflammation, neither of which has been shown to exist, and the condition is quite distinct from tuberculous caries following upon injury. In some cases the deformity is merely an exaggeration of a crush fracture produced at the accident. "Kummell's disease " has been attributed to haemorrhage into the nancellous tissue of the vertebral body, and also, without any foundation, to injury of hypothetical trophic nerves to the bone, a pathological conception which is not far removed from that of the osteopathist. The probable explanation of the changes in " Kiimmell's disease " is a mechanical one, and merely depends on the excessive pressure upon the vertebral bodies when the posterior ligaments and muscles are so damaged that they no longer take their fair share of the burden. Once the bodies have begun to collapse the process is likely to be progressive, unless arrested by treatment which supports the spine from behind. Mere recumbency will only stop collapse by taking off the body weight; when this is adopted the muscles should be strengthened at the same time by active treatment. Where recumbency is not employed, a spinal brace should be used, the muscles being treated at the same time.
It has been suggested-and possibly there are cases in which operative measures might legitimately be employed-that bone-grafting should be performed with the object of attaining permanent fixation of the spinous processes, and so preventing further collapse of the bodies. In most cases, however, cure of the pain and arrest of the oncoming deformity can be obtained by proper treatment of the muscles.
Another important group comprises cases in which symptoms of pressure upon the cord or cauda equina appear months or years after an apparently unimportant injury. The condition (first described by Victor Horsley,' and named by him "Meningitis circumscripta serosa "), in which encysted collections of cerebrospinal fluid become tense enough to cause pressure upon the cord, is almost certainly in some instances of traumatic origin, and, although not a common condition, should be borne in mind in dealing with spinal injuries, even of slight severity.
The opener of the discussion has raised the question of how best to deal with victims of aeroplane accidents who show no signs of severe spinal injury. If all were regarded as possible future cases of spinal deformity, or of cord lesion, it is clear that there would be a great and unnecessary wastage of "man-hours " in the R.A.F. But, although temporary incapacity from injury to muscles and ligaments is cojmmon enough, the more serious later effects, such as collapse of vertebral bodies, and secondary spinal cord symptoms, are comparatively rare.
As far as the effects of an injury upon the spinal column are concerned, I am sure that prolonged incapacity from pain and stiffness, or from minor bony lesions, can be prevented by proper treatment of the damaged muscles, combined with such rest at first as may be indicated in any particular case. The possible late effects upon the spinal cord and nerves cannot be foreseen, and must be so rare that in this particular connexion they may be disregarded. But one exception to this generalization must be made, namely, that those patients who show even slight and transient signs of cord injury must be treated with the greatest possible respect, in view of the possible development of more serious symptoms at a later date.
Air Vice-Marshal Munro said that with regard, first to the psychological side, during the whole time he (the speaker) had been in the Air Force, the accidents in it had corresponded more to those in the hunting field than to those in mines or to the traumatic neurasthenia cases which resulted from railway accidents. In the Service there had been no claims for compensation on account of spinal injuries, neither had there been cases of accident in which there was even a suspicion of a psychological factor having complicated the treatment. He (the speaker) recalled the case of a senior officer who ran into Kemmel Hill in 1915 and was very severely injured. That officer had continued to serve ever since, without interruption, and within the last two years the speaker had hunted with him. He was now in the hands of an osteopath, who stated that there were symptoms of spinal injury.
He (the speaker) was anxious to learn what was the pathology of these delayed cases. Why did symptoms take so long to develop ? Sir Percy Sargent had spoken of extravasation into the cancellous tissue. Something caused the vertebra to collapse some considerable time after the accident; he would much like to know what it was. Did the fact that the man continued at duty keep up the pressure, thus producing rarefaction? If that were so, one would expect some sclerosis or repair to take place.
Surgeon Vice-Admiral A. Gaskell said that cases of fractured spine occurred in the Navy; these were chiefly cases. of mrren upon whose backs sacks of coal had fallen when they were stooping; thus they resembled those referred to by Sir Percy Sargent. There were also in the Navy a number of hunting accidents; he had been shipmate of three men who had broken their necks in the hunting field, but had recovered afterwards.
He agreed with Captain Wells that the main question was, when a man had a bad aeroplane accident, how was one to know what, if any, was his spinal damage? Recently, in those cases presenting no immediate obvious spinal signs, Mr. Hey Groves had emphasized the importance of always having a radiogram taken of accident cases. The Navy had always been supplied with very fine material and apparatus of the latest type. In the three home hospitals of the Navy there were very good X-ray installations. One of the points in the present discussion might well be the need for having the best apparatus, so that reliable skiagrams could be taken at the time of the accident. X-rays, however, would not show bruised bodies of vertebrae, which would later become absorbed, owing to pressure. Absorption of vertebree occurred largely because the muscles had been bruised at the same time, so that they did inot then serve as a scaffolding, or as guys for the vertebral column, and so the lines of pressure were no longer in their normal angle. He (the speaker) considered that was the explanation of the occurrence of the late results of accident. In these accidents the muscles were terribly bruised and for a long time were able to perform only a fraction of their normal work. Nature caused absorption on one side and proliferation on the other, and so there was a changed angle in the vertebral column, with, later, a complaint of pain and stiffness in the back. Examples of that were seen in all three fighting Services. When an accident resulted fatally an autopsy should always be carried out, so that something might be learned of the actual damage sustained at the time.
Major J. M. Weddell said that in compression fractures the trauma produced was often minor; the result of the crash, therefore, not being as great as expected, added to the difficulty of diagnosis.
If one saw at a later date a " missed " case, the patient was complaining of pain in the back, very definite in character, its intensity being increased by movement. The man held his back rigid. Deformity might or might not be present. If absent, there might be irregularity of the spinous processes. But what he regarded as pathognomonic of the lesion was a definite area of hypertesthesia, the site being that of damaged vertebrae. He did not know at what period after the actual accident this hyperesthetic area was first in evidence. The radiogram, in a typical case, showed deformity or wedge-shaped vertebrae. If these indications were present at an early stage they were diagnostically helpful.
With :egard to radiograms in these cases, stress had been laid on the importance of taking a lateral view. It was equally important to have the patient thoroughly prepared. In one case he had to re-radiograph three times to get a satisfactory picture, i.e., before a definite fissure-fracture was revealed.
The statement that in some of these cases seen late there had been no previous pathological lesion, was confusing. If first-class apparatus was used he wondered whether, if carefully sought, a fissure of a vertebra could not be found. Sometimes a radiogram taken at the time of the injury showed everything apparently normal, but afterwards areas of rarefaction and softening developed and further collapse of vertebra3 occurred.
Dr. Bertram Shires said he had no experience of having X-rayed a patient to show a fracture when there was none, or none discovered at the time of the accident. The cases of which Sir Percy Sargent showed skiagrams were not interfered with until they came under that gentleman's and his own observation; therefore it was possible that, had they been X-rayed immediately after the accident, a fracture would have been revealed. A year ago, at the Section of Orthoptedics, a discussion took place on spinal fractures,1 when skiagrams of all kinds of the spinal column after accidents were shown. In none of these were fractures shown at late stages which were not apparent immediately after the accident. Some were so slight, however, that they might have been missed had not good radiographs been taoken, the evidence being a slight crushing of the vertebral body. Sir Percy Sargent was constantly seeing fractures of the spine, in the cervical, dorsal and lumbar regions, which were old, and in which no radiograms were taken immediately after the accident. In his own experience, any fracture of the spine should show some change in the vertebral body directly after the accident, provided a good radiograph was produced. A mere antero-posterior view was useless, as it did not show wedging. Even if these cases were missed early at first trial, he did not see why they should not be discovered at a second attempt, provided the patient had symptoms and was being X-rayed at intervals.
There were examples of congenital deformity of the spine, in which there were wedge-shaped vertebral bodies; it was instructive to consider these. In some examples there was change in the ossifcation of the epiphysis.
If a skiagram was taken immediately after the accident, and another a month or so later, it was very unlikely that a fracture would be missed.
Dr. Morton Smart said he did not think anyone was able to say how much the posture of the body depended on the bony part of the spine, and how much on the muscular aind ligamentous part-that would be very difficult to work out. He had spent a great deal of time in the treatment of muscles, and the more he had worked at this subject the more had he been impressed with the importance of the muscle I Proceedings, 1928, xxi (Sect. Orthop.) , 625. factor in keeping the body erect. If it were agreed that the muscles were of such importance, it must be obvious that when the spine was injured, the muscles-the first line of defence-must give way, with the result that in all fractures of the spine the muscles as well as the ligaments were sefiously injured. In slight cases of compression of a vertebral body-of which he saw many in hunting accidentsthere was no question that if the patients were put to bed for a time and kept at rest they made considerable recovery; they were able to get up and move in comfort, which they had been unable to do before. But, in nearly every case, after beginning to move about, a variety of pains developed in the back. Some of these pains were referred to a definite area, and some to other parts of the body. He regarded the latter as true muscular strain, due to trying to take pressure off the painful part. When cases were treated from the muscular point of view-it being realized that the body of a vertebra had been injured, but not severely, so that the muscles were brought into a state of good activity--nearly all the pains disappeared; his experience from certain cases in the last eight years had been that the pains did not recur. It was sometimes forgotten that, where the muscles were severely injured, in the course of repair they became adherent to neighbouring tissues. In a late case with the patient suffering pain, the whole of the pain was sometimes due to that cause. When this was so, the case cleared up very rapidly when treated from the muscle standpoint and the adhesions successfully freed.
Osteopaths undoubtedly succeeded in curing a number of these cases, because they worked on the principle that if a part of the body should move, and was not moving in comfort as the result of injury, the treatment to aim at was to make it move. Consequently they pulled the part about in all directions, sometimes roughly, hitting with sand-bags, etc., thus trying to encourage movements. Undoubtedly much harm was done in many cases but it could not be denied that by such methods cures were effected when adhesions were successfully freed. Unfortunately the osteopath's stock assertion was that pain and disability were ,due to a bone being out of place. When recovery took place, his statement that he had put a displaced bone in position was believed by the patient, and the latter naturally criticized adversely his medical attendant for not having discovered the displacement.
With regard to Sir Percy Sargent's insistence on the importance of a lateral skiagram, he (the speaker) had frequently seen patients who had been injured in the hunting field bringing for consultation the good antero-posterior radiograms which showed nothing abnormal; but a lateral radiograph at once revealed serious damage.
Concerning the hyperesthesia and the period at which it was manifested, Sir Percy Sargent would be able to say more on that than he himself could, but it always occurred within ten or twelve days of the accident. Dr. Shires stated that he generally saw cases to be X-rayed in the later stages, but he would remind him of a particular case of compression fracture of the twelfth dorsal vertebra. The patient had been in bed ten days, and was then made to get up and take exercise. This resulted in a great increase in her pain; at about the twelfth day she was photographed by Dr. Shires, and the damage to the vertebra was discovered. The speaker saw that patient a few days ago; it was now three years since the accident, and she was completely cured; there was no change in the bones suggestive of Kuimmell's disease. That patient received muscular treatment.
When muscles were injured, it was not so much damage to the muscles which was important as the later result of such damage. The muscles become weak, atonic and lengthened, and in that state efforts of the nervous system to contract the muscles were largely wasted. The great effect aimed at in treating the muscles by graduated contractions was to produce a contraction which toned them up. As the tone recovered, the muscle increased in size, and a strong erector spinm was thus able to hold the spine erect. The toning up of the muscles in this region was an essential part of the treatment.
Mr. Cecil Wakeley said that spinal injuries had interested him for some time. Most of those which he saw in civilian practice were compression fractures. In three such cases he had asked the radiographer to take the skiagram with the spine'extended. In the majority of cases the fracture was wedge-shaped. Fissuring might occur only on one side. In the last of his cases which he had X-rayed it was present on both sides. From right to left no fracture was seen, but when the patient was put on to his other side and X-rayed, a fissuring fracture was clearly evident. If the skiagram were taken in the extended posture, one could see a fissuring fracture running through the body of the vertebra; and if it was not very definite, the patient was turned on to his other side and another picture taken, leaving no doubt of what had taken place.
Mr. Paterson Ross said he considered that in the debate there were two outstanding questions, first: Was there any way of recognizing in the early stages cases which afterwards might prove to be Kiimmell's disease or wedge-shaped deformity? Second: What was the primary factor which might cause atrophy? What was the actual pathology? It might be centred in the question of pain. Those who had studied the cases had made a great point of the pain. The spine consisted of a series of joints, and with a painful joint would always be associated atrophy of surrounding muscles because of the pain. This atrophy caused a diminution of support, which led later to the wedge-shaped condition.
Sir, Holburt Waring said it was important to remember that some of these injuries might be due to torn ligaments and the consequent adhesions. That was the type of injuiry readily amenable to the bone-setter. Those be had seen of this kind had proved readily responsive to manipulative methods. Sir Percy Sargent (in reply) said that with regard to the pathology of these crush fractures, the condition of the bones and the reason why they collapsed was unknown. What was known on that point could be gleaned from a paper by Fostick Jones,1 who referred fully to many cases scattered throughout the literature. There had been two or three autopsies in cases of crush fractures at an early stage: all that was found was a crumpling of the cancellous tissue of the bone, with haemorrhage into it. That, however, the speaker considered did not explain why collapse of the vertebral bodies should come on so long after the original injury.
With regard to congenital deformities, which Dr. Shires mentioned, the speaker had the idea, from recollections of dissecting-room days, that congenital wedgeshaped vertebrte were known. He had asked Professor Parsons about this, and that gentleman said they were known, but were always lateral, for the reason that the vertebral body was developed from two lateral centres; and defect in ossification of them would produce a lateral wedge, not an antero-posterior wedge. Professor Parsons did not know of any congenital malformations like these crush fractures.
The point about the muscles had been sufficiently emphasized already, but probably many did not know that when a muscle was injured-bruised or torn -the immediate effect, as pointed out by Dr. Morton Smart, was that the muscle became paralysed; it was so toneless that it could not be brought into contraction. On one occasion when he (the speaker) had ruptured some fibres of the gastrocnemius, and within three hours was under Dr. Morton Smart's attention, that gentleman demonstrated to him that the calf muscles were paralysed, and no contraction could be produced by electrical means, nor could he (Sir Percy) bring it about voluntarily. He learned that this observation had been made by John Hunter.2 who sustained a similar injury to the calf muscles.
